Exploiting a natural experiment, we study the impact of a land reform on the fertility outcomes of households in rural Ethiopia. Public policies and customs created a situation where Ethiopian households could in‡uence their usufruct rights to land via a demographic expansion of the family. We evaluate the impact of the abolishment of these pronatal property rights on fertility outcomes. By matching aggregated census data before and after the reform with administrative data on the reform, we use a di¤erence-in-di¤erences approach between reform and non-reform districts to assess the impact of the reform on fertility outcomes. The impact appears to be large. We estimate that women in rural areas reduced their life-time fertility by 1.2 children due to the reform. Doing robustness checks, we conclude that our impact estimates are biased neither by spillovers nor by policy endogeneity.
Introduction
half of the women they were married to. These claims could not be substantiated through marriage per se, but the children they had had in the course of the marriage (Hoben, 1973) . In the wake of a military coup, land governance shifted from the communal to the state level. In 1974, a nationwide land reform nationalized and redistributed land on the basis of family size. In subsequent years, family size prevailed as the most important criterion for communal land redistributions (Rahmato, 1994) . 2 Against this background, we evaluate the impact of a land reform implemented in 1997 in the southern part of the Amhara region, which, surprisingly and unexpectedly, discontinued the historic practice of primarily redistributing land based on family size. We consider the implementation of the 1997 reform in Amhara as a quasi-experiment during which the southern part of the region implemented the 1997 reform, but the northern part did not. The division of Amhara into reform and non-reform areas followed a process orthogonal to fertility rates and their determinants. Between September 1989 and March 1991 a rebel group who later came into power, the Ethiopian People's Revolutionary Democratic Front (EPRDF), took control of the region of Amhara in two temporally distinct military campaigns. After the EPRDF and their allies came to power, the region of Amhara implemented a large-scale land reform in 1997. However, this reform was only conducted in the southern part of Amhara, which was conquered by the EPRDF during the second military campaign. A political decision was made that the northern part did not need another land reform as there had been occasional redistributions, using family size as the main criterion, in the areas conquered by the EPRDF during the …rst military campaign.
We employ a di¤erence-in-di¤erences approach to estimate the impact of the reform. We use panel data from the 1994 and 2007 Population and Housing Censuses and match it with administrative data from the Environmental Protection, Land Administration and Use Authority of the Amhara Regional State. For the analysis, data on 2,303,198 individuals in the region of Amhara is aggregated into 212 district-time clusters. We compare the di¤erence between the reform and non-reform districts before and after the 1997 systematic land redistribution in the region. Our key outcome variable is the total fertility rate at the district level. We control for a variety of time varying observables as well as district level heterogeneity to average out time invariant unobservables.
Three assumptions need to be met for our estimates of the policy impact 2 We would like to emphasize that the existence of pronatal property rights is not speci…c to this context. We have found indications for pronatal property rights in various countries around the world. In a number of countries in sub-Saharan Africa, a woman's rights to the use of land are associated with her position as mother and wife. For instance, a woman's rights to land may increase with the length of her marriage or with having more children. These rights may end with divorce, with widowhood, with the failure to have sons (Gray and Kevane, 1999; Guyer, 1986 ). In addition, it has been argued that in the Punjab, India, the caste system improves access to land for farmers with high fertility, especially for those with many sons (Mamdani, 1972) . Furthermore, it was argued that granting rights to land on a usufruct basis in Mexican ejidos (agricultural communities) creates pronatal incentives, especially through land retention, as larger families are less likely to be a¤ected by land redistributions (De Vany and Sanchez, 1979) . to be causal. First, in the absence of the implementation of the land reform, our estimate of the policy impact should be statistically indistinguishable from zero, i.e., no other systematic factor should explain the change in fertility patterns between reform and non-reform districts we observe in the data. Given that the division of Amhara into reform and non-reform areas follows a very speci…c geographic pattern, we consider it rather unlikely that our estimates actually pick up the e¤ect of any other program, even if it was not uniformly implemented within the region of Amhara. Second, there is no contamination of the non-reform districts by the reform districts, e.g., there should be no change, due to in ‡uences from the reform districts, in aggregate fertility behavior at the district level of the districts that were unexposed to the reform. The fact that the reform varies at the district level circumvents unobserved heterogeneity in fertility behavior at the individual level, i.e., contamination is only an issue if households in non-reform districts alter their fertility behavior systematically in the same direction because of in ‡uences from the exposed districts. As a robustness check, we compare non-reform districts sharing a border with a reform district to non-reform districts not sharing a border with a reform district in a placebo di¤erences-in-di¤erences speci…cation. Third, policy endogeneity may a¤ect the adequacy of non-reform districts as a within-region control group, i.e., the selection of districts into the reform due to unobservable district characteristics. While we use …xed e¤ects to average out time-constant unobserved heterogeneity and use the available data from the census to control for time varying factors at the district level, there may still be a bias in the estimates due to time varying unobservables at the district level which are correlated with the implementation of the reform and fertility rates. As a robustness check, we use the selection-on-observables approach (Altonji et al., 2005; Bellows and Miguel, 2008; Nunn, 2011) to assess whether the potential bias from time varying unobservables drives the selection of districts into the reform.
Our …ndings point towards a substantial e¤ect of the land reform on fertility outcomes. For the full sample, we estimate a 0.99 reduction in the total fertility rate, i.e., a reduction of lifetime fertility by one child per woman. This result is clearly driven by the rural rather than the urban sample. For the rural sample, we estimate a 1.2 reduction in the total fertility rate. Looking at age-speci…c fertility rates, from which the total fertility rate is constructed, we …nd a clear reduction in fertility for virtually all age groups in the rural sample. The e¤ect is particularly pronounced for women in the most fertile age groups, 25-29 and 30-34 . With respect to the mechanism at work, we argue that the arrangement of property rights over land before the reform led to a higher economic gain from children. It derived from children's contributing to household wealth in an environment of otherwise weakly de…ned property rights. More speci…cally, if land is redistributed according to household size, land holdings and thus wealth depend positively on the number of children. Abolishing the positive relationship between land and household size leads to a reduction in fertility. Furthermore, through robustness checks, we conclude that our impact estimates are not downward biased due to spillovers from reform districts into non-reform districts. Furthermore, using a selection-on-observables approach, we …nd no indication of a selection bias from unobservables.
Our …ndings may also contribute to understanding a statistical oddity. The population count in Amhara was 17.2 million according to the most recent census in 2007 and clearly fell short of the o¢ cial government projection of 19.6 million Amharans for that year. "The 2.5 million missing Amharans" were extensively covered in the national media and eventually resulted in …erce debates in the parliament with both opposition and ruling coalition members of parliament condemning the census as ‡awed, calling for a redo of the census, as Ethiopia is a federal state and population size a¤ects the budget of its regions. A panel of international experts reviewed the census, but were not able to spot any mistakes in its design or implementation. 3 We conjecture that Ethiopia's "2.5 million missing Amharans"is due to a violation of a crucial assumption underlying the cohort component method, a method commonly used by statistical agencies to project the total population size for a future date from census data. The method assumes a constant total fertility for the projection period. However, we …nd a substantial reduction in the total fertility rate from 4.9 to 3.9 in the reform districts, which indicates that the statistical oddity may at least partly be a consequence of the land reform.
The next section discusses the institutional setting and the natural experiment. It also contains some theoretical considerations. Section 3 explains the data as well as the empirical strategy. Section 4 discusses the …ndings and Section 5 draws some conclusions.
2 Institutional setting and some theoretical considerations
Pronatal property rights and land tenure in Amhara
In this section, we argue that the rules governing access to land in the Amhara region were historically pronatal. Having children helped secure access to land in an environment of otherwise weakly de…ned property rights, no matter whether land governance was communal or statal. However, pronatal policies for land tenure were surprisingly abolished with the most recent land reform. We hypothesize that this policy change might have had a considerable in ‡uence on households'fertility decisions. During the imperial period, a communal system of land governance, known as rist, was widespread in Amhara. 4 The claims of households to land culminated in rist through which they used to acquire usufruct rights to land. Rist rights derived from ancestors who formerly held land in a village. 5 Apart from 3 See, for instance, The Ethiopian Review, on June 23rd, June 24th and June 26th, 2009. (URL: http://www.ethiopianreview.net, last accessed on May 20th, 2015). 4 It could be found in Gojjam, Gondar, Shoa and Wollo, historic provinces that, by and large, form the region of Amhara today. 5 The inheritance of rights to land via rist followed cognatic descent rules, which place children (regardless of their sex) in the descent category of both their mother and father. direct inheritance, rist land could be obtained through redistributive claims made in front of the descent cooperation, a group of village elders. Through marriage, a man could claim land with respect to his wife's rist. 6 Interestingly enough, a man's right to a wife's rist did not derive from marriage per se, but the children they have together in the course of marriage. 7 When the Derg, a military junta, came into power by overthrowing the imperial regime in 1974, land governance moved from the communal to the state level. Proclamation No. 31/1975 , entitled "A proclamation to provide for the public ownership of rural lands," created a legal basis for a nationwide reform with a collectivization and redistribution of land. Peasant associations were set up to administer the redistribution down to the village level. It was the …rst uniform tenure system ever imposed on Ethiopia as a whole and aimed at a new agrarian order with an egalitarian allocation of wealth and land (Pausewang, 1983) . The proclamation prohibited private ownership of land by individuals and organizations. Market based mechanisms for land allocation were prohibited, and thus the proclamation related usufruct rights to land to the needs of a family. 8 Historic accounts describe how this principle was put into practice in Amharan villages:
"Allotment was made on the basis of family size and the quality of land. Each household receiving land had a share from both the good as well as the poor land available for distribution. A minimum ceiling of a unit of land (the minimum varied among PAs) was set for a household: and any addition over this was based on the number of household members. Here too, all shared from the good and the poor land in the PA land fund. Each additional member of a household had at least two parcels-good and poor quality-to add to the family." (Rahmato, 1994: p. 47) It is estimated that the reform e¤ectively redistributed between 1 and 1.5 t'emad (approximately one-fourth of a hectare) per household member (Ege, This is opposed to unilineal descent rules, which placed children (regardless of their sex) in the descent category of parents of one sex only. Creating overlapping claims to land, the rist system led to weakly de…ned property rights in which usufruct rights to land were commonly contested. With respect to the situation in Amhara it has been noted: "With cognatic descent the situation is di¤erent. Unless there is some other way in which membership in descent groups is limited, property rights associated with each group become so widely di¤used as to be meaningless." (Hoben, 1973: p. 19) 6 Hoben (1973: p. 152) states: "From a tactical point of view, the land he may hope to obtain [through marriage] falls into two classes. The …rst comprises land given to him by his wife's kinsmen. The other, and statistically by far the more important, comprises land which he may claim in his wife's name from the descent cooperation." 7 Hoben (1973: p. 136) states: ". . . a man can claim wife's rist only after his wife has given him a child and can keep it as long as he continues to support that child. In other words, a man does not have any rights to rist in virtue of his marriage to his wife but only as trustee or custodian for the children he has with her. For this reason, wife's rist is also referred as "children's rist "." 8 "Without di¤erentiation of the sexes, any person who is willing to personally cultivate land shall be allotted rural land su¢ cient for his maintenance and that of his family."(People's Democratic Republic of Ethiopia, 1975: Article 4.1) 1997). In the subsequent years, peasant associations were kept busy by correcting newly developing inequalities in land holdings through periodic land redistributions and reallocations. While other factors, such as the quantity and quality of the land, were taken into account for the redistribution of land through peasant associations, egalitarian norms so that every household should be able to support its members with the allocated land prevailed (Rahmato, 1994 ).
A natural experiment:
The abolishment of pronatal property rights in land tenure in Amhara
While the 1974 land reform was nationwide, a¤ecting Amhara and the Ethiopia's other regions alike, the 1997 reform, which is the subject of the empirical analysis in this paper, was speci…c to the southern half of the Amhara region. We argue that the implementation of the 1997 reform constitutes in a natural experiment suitable for assessing the impact of land reform. More speci…cally, it allows us to causally evaluate the impact of the abolishment of pronatal property rights on households'fertility decisions and other outcomes. First, the implementation of the 1997 reform in the southern half of the Amhara region discontinued the redistribution of land primarily on the basis of household size as historically practiced in the region and other parts of the country. This land reform was initiated by the Ethiopian People's Revolutionary Democratic Front (EPRDF), a rebel group that ended the rule of the Derg in 1991. The 1997 redistribution, with the purpose of strengthening support for the EPRDF in rural areas, was implemented after the enactment of the 1994 constitution that gave Ethiopia a federal structure. It entailed the 1997 land proclamation, which transferred authority over land administration from the central to the regional governments. Rather than aiming at an egalitarian distribution of land in terms of household size, observers consider the 1997 reform as an attempt to establish a class basis for the regional government in rural areas (Amare, 2002; Ege, 1997 Ege, , 2002 Gelaye, 1999; Teklu, 2005; Yigremew, 1997a Yigremew, , 1997b ). 9 Second, the change in the land redistribution policy was surprising and unexpected. Ethnographic accounts show that the Amharans clearly expected a land reform of the type they were historically used to (Ege, 1997) . 10 Consequently, in the preparation of the land reform, it was observed that many households tried to game the redistribution process in terms of their expectations about the role of family size. 11 Third, the division of Amhara into reform and non-reform areas in 1997 followed a process orthogonal to fertility rates and their determinants. Between September 1989 and March 1991, the EPRDF took control over the region of Amhara in two temporally distinct military campaigns, advancing towards the capital. In…ltrating from the north, the EPRDF managed to conquer North Wollo, North Shewa, and part of North and South Gondar, between September and December 1989. The EPRDF army then remained in the initially occupied areas for more than a year. Finally, the remaining areas in Amhara were seized in two subsequent major military campaigns (i.e., operations Tewodros and Dula Billisuma Welkitima) in February and March 1991. After some years, in early 1997, the land reform was implemented only in areas that had been conquered by the EPRDF during the second military campaign (De Waal, 1991; Ege, 1997) .
Fourth, the profound change in the modus operandi of the land redistribution was limited to the southern half of the Amhara region, overlapping with the …nal phase of the military campaign of the EPRDF. This raises the question why the reform closely followed this clear distinction and why there was no attempt to cover the entire Amhara region. It appears that the rebel troops, before the fall of the Derg regime, occasionally redistributed land in the northern half of the region with the objective of ensuring a "fair and equal distribution" of land in the occupied territories. These redistributions were conducted in the spirit of those implemented by the military regime, using family size as the main criterion with no consideration of earlier political a¢ liation or involvement of the holder family. In 1997, a political decision was made by the ERPDF that no further land redistribution was needed in this part of the Amhara region ( Figure 1 shows a map of the Amhara region, and the divide between the …rst and …nal waves of the EPRDF military campaigns. The red and green shaded areas show the non-reform and reform districts, respectively. The separation of the two areas coincides with the areas conquered during the two military 1 1 Ege (1997: p. 32) states: "On the basis of previous experience and peasant perception of justice, the peasants expected that land would be allocated according to household size, and they consequently tried to rearrange their households to be in the strongest position possible. Some poor peasants had hired out children as herders, and these were now called home, which will have caused strains both in the households losing the herder and in the poor households, for which the herding arrangement had served both to decrease consumption and to earn a little money. I also heard of a case where a son born outside marriage was asked by his father to move to his households, since the father currently had a small household and therefore expected to lose land. If the son refused, his father would no more consider him as his child. The same will certainly have happened to many children with divorced parents, who were pulled between the interests of di¤erent households." 1 2 In addition, informants from the North Wollo zone, who participated in the redistribution process, con…rmed that political involvement was not considered at all. Some who were very active left their community during the EPRDF military campaign, but the share of their family members who stayed in the community at the time of the redistribution was not a¤ected. Moreover, they managed to secure some land upon their eventual return to their community.
campaigns of the EPRDF.
[Insert Figure 1 about here]
We, therefore, exploit the coincidence of the boundaries between the military campaigns and the carrying out of the 1997 land redistribution in the Amhara region as a natural experiment. This allows us to address endogeneity concerns, since empirically evaluating these e¤ects without any exogenous variation would have made it di¢ cult to distinguish the e¤ects of economic change on population change from the e¤ects of population change on economic change.
Some theoretical considerations
We argue that the unanticipated change in the modus operandi of land governance closed down the possibility of getting access to land via family size. This a¤ected fertility decisions. We represent these insights in a simple model. We presume that children provide a net economic bene…t to a household. 13 Dasgupta (1993) argues that such an assumption is more valid in poor than in rich countries because productivity is less tied to human capital. One channel may be that children earn more than they consume at earlier ages. Other channels may be that they provide old-age support or help diversify risk. To illustrate the mechanism at work for expositional purposes, we link household size and land ownership to household wealth. A household's wealth W depends on its land holdings, denoted by k, and children, denoted by r, and is given by a continuous function W (k; r). We assume that it is strictly increasing and concave in both arguments. Raising children generates economic bene…ts, but is also costly. The cost function is given by a strictly convex function, c(r). The objective of the household is thus to choose r in order to maximize the net bene…t function
Now assume that land is redistributed according to household size. Land holdings then positively depend on the number of children. Assuming that they are given by the function k(r), the net bene…t function can be re-written as
The …rst-order condition is then
Note that the term dW dk k 0 (r) is strictly positive. It captures the fact that an increase in household size increases landholdings, which ultimately leads to more wealth. Let r 1 be the unique value of r that solves the …rst-order condition given in Equation (3). It is straightforward that the existence of a unique solution is guaranteed by the concavity of W in both its arguments. Now consider the case where the positive relationship between land and household size is abolished. This implies that k 0 (r) = 0 and the …rst-order condition reduces to dW dr = c 0 (r). Assuming that r 2 is the unique value of r that solves the modi…ed …rst-order condition, the convexity of the cost function ensures that r 1 will be greater than r 2 , which, in turn, implies that disentangling access to land from children will lead to a reduction in fertility.
3 Data and empirical strategy
Data and fertility measures
The empirical analysis in this paper employs panel data from the Ethiopian 1994 and 2007 Population and Housing Censuses. Census waves were collected by the Central Statistical Agency of Ethiopia with the technical and …nancial support of various international partners, such as the United Nations Fund for Population Activities (UNFPA), the United Nations Development Fund (UNDP), and the Department for International Development (DFID). They contain data on the demographic, economic, and social characteristics of all persons and their housing in Ethiopia. In each wave, 20 percent of the census data was collected with a long questionnaire, roughly 10 percent of which were accessible to us. It is a random sample of the full census.
We matched the Amhara sub-sample of the census data with administrative data on the 1997 land reform in the Amhara region from the Environmental Protection, Land Administration and Use Authority. The latter allows us to draw on within-Amhara variation in the empirical analysis. Data from the Population and Housing Census is aggregated at the district level, i.e., the administrative level at which the implementation of the reform varies. We used three samples for the empirical analysis: a rural sample, an urban sample, and a full sample, including all data from the rural and urban samples.
14 As a consequence of changes in the administrative boundaries (typically as a result of splits), there are more districts in 2007 than in 1994. Thus the data across census waves were spatially matched if a 1997 district contains the centroid of a 2007 district. We cross-checked the spatial match by comparing whether the district names in the two census waves match. In addition, we also cross-validated the administrative land reform data with independent accounts wherever possible, i.e., there are ethnographic accounts from research operating on the ground during or shortly after the reform (see, for instance, Abate, 1997a, and Abate, 1997b, for the zone of South Wollo; Ege, 1997, for North Shoa; Gelaye, 1999, for East Gojam; Yigremew, 1997a, and Yigremew, 1997b , for West Gojam; and Gizachew, 2010, for Weg Hemra). For the analysis, data on 2,303,198 individuals in the region of Amhara is aggregated into 212 district-time clusters.
Using census data for the research question at hand has two major advantages vis-à-vis the Demographic Health Survey (DHS) for Ethiopia, the most plausible alternative source of data. First, it allows for a before and after comparison with a baseline (while the …rst DHS was collected in 2001, i.e., after the land reform in Amhara was implemented). Secondly, the large sample size allows us to generate common fertility measures with a relatively better precision at the district level, which is our primary analysis unit. The most common cohort measure of fertility is the total fertility rate, which gives a point in time estimate for the average fertility of a population (or a sub-population, such as one Ethiopian district). It is built from age-speci…c fertility rates and captures the average number of children expected to be born by a woman during her childbearing years (see, for instance, Demeny and McNicoll, 2003) . 15 [Insert Table 1 about here]
Descriptive statistics of the total and age-speci…c fertility rates at the district level, which are our key variables of interest, are presented in Table 1 . Additional outcome variables focus on labor market participation (the proportion of women in a district who are self-employed, employed, and doing housework as main occupation) and marital status (the proportion of women in a district never yet married). Two reform indicators capturing the presence and intensity of the land redistribution in 1997, indicating whether at least one peasant association (the administrative unit subsidiary to a district) was a¤ected, as well as the proportion of peasant associations per district being a¤ected by a redistribution are used. Control variables include the district population in a particular age group (the number of district inhabitants in the age groups 12-17, 18-65, and greater than 65), the district population belonging to a particular religion (the number of district inhabitants who are Orthodox, Muslim or Animist) and ethnicity (the proportion of the district population being of Amharan ethnic origin). A precise de…nition of each variable as well as its source in the census can be found in the Appendix.
[Insert Table 2 about here] Table 2 shows the similarity of baseline characteristics for the full, rural and urban samples by regressing the binary reform indicator on either the main fertility outcomes, additional outcomes, or controls. For all the samples we cannot reject equality, at baseline, in total and age-speci…c fertility rates, female labor market participation indicators, or religion and ethnicity variables. We …nd some di¤erences for the population characteristics, but they seem to be non-systematic across age groups. The similarity across pre-reform characteristics is consistent with a non-selectivity of districts into the reform.
Empirical strategy
Given the "quasi-experimental" nature of the 1997 Amhara land redistribution and the availability of census data both before and after its implementation, we employ a di¤erence-in-di¤erences approach to estimate its impact on fertility and other related outcomes. A simple cross-sectional comparison would not be appropriate for identifying any causal e¤ects as, even in the absence of the implementation of the reform, fertility rates between the 1997 reform and nonreform districts might di¤er as a result of persistent cultural norms (e.g., as to polygyny, the patriarchal system of family and inheritance, early marriages, and the stigmatization of unmarried and divorced women) and environmental factors (such as soil quality, land degradation, and climatic conditions). These variables are di¢ cult to observe and hence to control for in a cross-sectional analysis. In contrast, a di¤erence-in-di¤erences estimation strategy taking into account district level …xed e¤ects wipes out any persistent in ‡uences from norms and environmental factors on fertility outcomes at the level of the empirical analysis. The di¤erence-in-di¤erences estimation equation, with district level …xed e¤ects, can be written as
where Y jt captures the fertility outcome for district j = 1; :::; 212 at time t = 0; 1. AF T ER t is a binary indicator equal to one for the time period after the implementation of the 1997 reform and zero for the time period before the reform. We use two alternative indicators to capture the land reform represented by REF ORM j , in district j. The …rst one is a binary indicator equal to one if at least one of the peasant associations belonging to district j implemented the land reform and zero otherwise. The second one is an indicator for the intensity of the reform, de…ned as the proportion of peasant associations in district j that carried out the 1997 land redistribution. It should be noted that since the reform was implemented at the district level, typically almost all the peasant associations were covered in the areas where the land redistribution was implemented.
The coe¢ cient 3 on the interaction between AF T ER t and REF ORM j estimates the average di¤erence-in-di¤erences between the 1997 reform and nonreform districts, X jt consists of time varying control variables which may be correlated with fertility outcomes, and d j contains district …xed e¤ects which absorb persistent unobserved di¤erences between reform and non-reform areas.
The inference is generally based on the standard Huber/White estimator of the variance matrix. It is valid for the within estimator controlling for clusterspeci…c …xed e¤ects with data aggregated at the cluster level (Arellano, 1987; Cameron and Miller, 2015) . All the main …ndings are robust to other speci…-cations of the standard errors, such as clustering at the zonal level (the zone is the next administrative unit above districts). Noting that the …rst entry point of the reform was the district administration, we only report results with Huber/White standard errors calculated at the district level.
Three assumptions, however, need to be satis…ed for the estimate of 3 to be causal. First, in the absence of the implementation of the land reform, this estimate should be statistically indistinguishable from zero, i.e., no other systematic factor should explain the change in fertility patterns between reform and non-reform districts. We attribute the empirical …ndings to the implementation of the land reform in some areas but not in others, but we also consider alternative explanations arising from public action in Amhara. The only major policy intervention on a scale similar to the 1997 land reform we became aware of is the Revised Family Code. Updating an earlier Family Code, the Revised Family Code became e¤ective in the year 2000 (Federal Democratic Republic of Ethiopia 2000). It changed laws regarding marriage, divorce, inheritance, paternity, adoption, and child welfare. Aiming at improved access to resources and the removal of restrictions on employment, it may have helped to strengthen women's bargaining position within the household and thus decrease fertility. It was a nationwide program even if the start of its implementation varied by region. In the Amhara region, its implementation commenced in 2000 (Hallward-Driemeier and Gajigo, 2013). While we were not able to …nd any data on the implementation process of the Revised Family Code within Amhara, we presume that it is plausibly orthogonal to the distinguished implementation pattern of the 1997 land reform. Given that the division of Amhara into reform and non-reform areas follows a very speci…c geographic pattern, we consider it rather unlikely that our estimates actually pick-up the e¤ect of any other program, even if it was not uniformly implemented within the region of Amhara.
Second, there should be no spillover e¤ects from reform to non-reform districts, e.g., there should be no change in aggregate fertility behavior at the district level of unexposed districts because of in ‡uences from exposed districts. The fact that the reform varies at the district level circumvents unobserved heterogeneity in fertility behavior at the individual level, i.e., contamination is only an issue if households in non-reform districts alter their fertility behavior systematically in the same direction by observing the changes in the reform districts. As a robustness check, we compare non-reform districts sharing a border with a reform district to that of non-reform districts not sharing a border with a reform district in a placebo di¤erence-in-di¤erences speci…cation.
Third, policy endogeneity may a¤ect the adequacy of using the non-reform districts as a within-region control group, i.e., there might exist a selection of districts into the reform along unobservable district characteristics. While we use …xed e¤ects to average out time-constant unobserved heterogeneity and use the available data from the census to control for time varying factors at the district level, there may still be a bias in the estimates due to time varying unobservables at the district level that are correlated with the implementation of the reform and with fertility rates. As a robustness check, we use the selectionon-observables approach to assess whether the potential bias from time varying 12 unobservables drives a selection of districts into the reform. Table 3 presents a comparison of the means of the total fertility rate (TFR), constructed from the age-speci…c fertility rates (ASFRs) in 5-year intervals per 1000 women in their childbearing years, between the reform and non-reform districts and over time. Mean fertility rates from the 1994 and 2007 census data disaggregated by the 1997 land reform status at the district level are reported in columns (1) and (2), respectively. The simple di¤erences between the two means over time show the trend between census waves for reform and nonreform districts. They are given in column (3). The mean double-di¤erence and the relative percentage change in TFR are reported in columns (4) and (5), respectively. The latter is calculated comparing the observed di¤erence-in-di¤erences with a counterfactual case assuming that the non-reform districts had the same trend as the reform districts in the absence of the land reform.
Results

Unconditional di¤erences in overall means
The TFR substantially declined from 4.89 in 1994 to 3.96 in 2007 (a decrease by about 19 percent) in the districts covered by the 1997 land reform while it slightly increased from 4.40 in 1994 to 4.45 in 2007 (an increase by about 1 percent) in the non-reform areas. The di¤erence in these di¤erences, -0.989, is signi…cantly di¤erent from zero at conventional levels, suggesting that women from the reform districts reduced their lifetime fertility by roughly one child between the two census waves as compared to those from the non-reform districts. In relative terms, this is equivalent to a decrease in total fertility by about 20 percent.
[Insert Table 3 about here] This observed reduction in the TFR can most likely be ascribed to the 1997 land reform which was implemented in the southern half of the Amhara regional state. Although this is consistent with the natural experiment provided by the staggered military campaign of the EPRDF forces, it is prudent to be cautious as there might be other variables related to fertility rates which could systematically vary over time and administrative units. Therefore, we rechecked these …ndings in a multivariate regressions framework with additional controls for observable characteristics to improve the credibility of a causal inference.
Graphing means by age group
We descriptively showed that there was a substantial reduction in the TFR in the reform districts as compared to that of non-reform districts. In Figure 2 , we project the di¤erence-in-di¤erences approach into a graphical representation, comparing the ASFR for the reform and non-reform districts. The upper and lower graphs show the ASFRs for the reform and non-reform districts, respectively. The bars leaning leftward are the ASFRs for the 1994 census and those leaning rightward are the ASFRs for the 2007 census. The ASFRs are ordered top-to-bottom starting from older to younger age groups. The unit of observation is ASFR per 1000 women in a particular childbearing age group of a 5-year interval.
As can be seen, the ASFRs are fairly normally distributed across age groups, with women aged 25-29 being the most fertile age group but women 10-14 as well as 45-49 being the least fertile age groups. Simple visual observation of the top panel of Figure 2 reveals that the ASFR had decreased for virtually all age groups in reform districts after the implementation of the reform. On the other hand, we do not observe any systematic changes in the ASFRs of the non-reform districts between the 1994 and 2007 census. If anything, the ASFRs have slightly increased for the most fertile age groups between 20 and 29 years of age.
[Insert Figure 2 about here] These simple observations imply that the reduction in the TFR of the reform districts is actually driven by a reduction in the ASFRs across virtually all age groups of women of childbearing age. These descriptive …gures suggest that it is rather unlikely that the observed reduction in the TFR in the reform districts can be ascribed to other programs, such as the revised family code or family planning, which would target particular age groups rather than all women in their childbearing years.
Regression-based impact estimates on fertility outcomes
The correlations presented in Table 2 show some di¤erences between the reform and non-reform districts for variables potentially a¤ecting fertility outcomes. In this section we present the results of regressions both with and without control variables. Including controls improves on the unconditional mean di¤erences shown above by removing the in ‡uence of other observable variables a¤ecting fertility from the estimated impact of the implementation of the reform. Table 4 reports our main regression results for all (columns (1) and (2)) as well as rural (columns (3) and (4)) and urban (columns (5) and (6) enumeration areas aggregated at the district level. The policy variable of interest is the 1997 Amhara land reform, measured by a binary indicator equal to one if the reform was implemented in at least one of the peasant associations belonging to a particular district. All regressions include district …xed e¤ects. We have 206 observations in the full aggregated data 16 , 198 in the rural aggregated data, and 202 in the urban aggregated data. The inference is based on Huber/White standard errors.
We estimate that the TFR has decreased between 0.965 (without controls) and 0.988 (with controls) in the reform areas. All the estimates are highly signi…cant at the 1 percent level. This e¤ect is clearly driven by rural households, for which we estimate that the TFR has decreased between 1.224 and 1.202, depending on the speci…cation. Again, the point estimates are highly signi…cant at the 1 percent level. In turn, looking at the urban data, no signi…cant e¤ect for the TFR in the reform areas is found.
[Insert Table 4 about here]
We repeat the regression set from Table 4 , replacing the binary policy indicator with the proportion of peasant associations per district implementing the reform as a measure of intensity of the reform. Doing so, we account for the fact that not all peasant associations may have fully implemented the reform. Table  5 has the results. We …nd the same pattern of results, with point estimates fairly close to those estimated with the binary policy indicator. For the full data, we estimate a reduction in the TFR between 0.793 and 0.822. Again, this e¤ect is driven by the rural data, for which we estimate a reduction in the TFR between 1.045 and 1.032. All of these point estimates are signi…cant at conventional levels. For the urban data, we do not …nd any signi…cant relationship.
[Insert Table 5 about here]
The regression results show that there was a pronounced decline in the TFR in the reform districts as compared to the non-reform districts. This e¤ect is driven by the rural data. For the following regressions, we use the same di¤erence-in-di¤erences speci…cation as before but disaggregate the TFR into the ASFR used to construct it. We ran eight di¤erent regressions for each ASFR for each age group of women in their childbearing years (in 5-year intervals) for the full, rural and urban sample, separately. All regressions include district …xed e¤ects and controls. Table 6 has the results for the full sample. We …nd a signi…cant reductions in the ASFRs for age groups between 20 and 24 years of age to 40 and 44 years of age. The strongest e¤ect is found for women in the age groups 25-29 and 30-34. Again, the e¤ect is clearly driven by the rural sample. Table 7 has the results. Across virtually all age groups we estimate a reduction in ASFRs for the reform districts. The e¤ect is particularly pronounced for women in the most fertile age group (25) (26) (27) (28) (29) , for which the ASFR is estimated to decrease by 64.97 per 1000 women, and for those 30-34, for which the ASFR is estimated to decrease by 59.41. Thus the reduction in the TFR for women in the reform districts shown above is driven by a reduction in the ASFRs in age groups where women are unlikely to be giving birth for the …rst time 17 , i.e., fertility seems to reduce at the intensive rather than the extensive margin. For the urban sample, we do not …nd a systematic relationship between the reform and the ASFRs across age groups. Table 8 shows the regressions from the urban sample.
[Insert Table 6 about here]
[Insert Table 7 about here]
[Insert Table 8 about here]
Regression-based estimates of the impact on other outcomes
The available census data allows us to examine the impact of the land reform on two other outcomes: female labor market participation and a woman's decision as to at what age to get married. For each outcome variable we ran one plus eight di¤erent regressions for a particular outcome variable for all women in their childbearing years as well as by age group of women in their childbearing years (in 5-year intervals). The regressions follow the same identi…cation strategy as before. We focus on the rural sample as we have demonstrated that it is the main driver of our …ndings. The impact on female labor market participation could be an indirect one. If women have fewer children, they may have more time to engage in labor market activities outside the household. The results are reported in Tables 9, 10 and 11 for self-employment, wage employment, and housework, respectively. We …nd some evidence for an increase in the proportion of self-employed women in the age groups between 20-25 and 45-49. However, the point estimates for all other age groups as well as for the full sample of women are not statistically signi…cant even if they do have a positive sign. We do not …nd any evidence for an increase in the proportion of women participating in formal wage employment in response to the land reform. In line with these …ndings, our results do not show a decrease in the proportion of women reporting housework as their main occupation in the reform relative to the non-reform areas. Nonetheless, it is worth mentioning that the time trend is consistently positive for self-employment while it is consistently negative for housework, implying, for the whole of Amhara, a continual increase in female self-employment outside the house but a decrease in housework as the main activity over the two census periods.
[Insert Table 9 about here] [Insert Table 10 about here]
[Insert Table 11 about here] Furthermore, the land reform may have had a direct e¤ect on the decision to get married. Table 12 has the results for the proportion of unmarried women.
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[Insert Table 12 about here]
We …nd a considerable change in the proportion of unmarried women between reform and non-reform districts in the 10-14 and 15-19 age groups of women. For these age groups, it is estimated that the proportion of women who have never been married increased by 8.1 and 11.4 percent in reform areas. The e¤ect is strong enough to be statistically signi…cant in the regression for all women in their childbearing years. The e¤ect is sizeable, but we can only speculate on the reasons. One interpretation would be that the decreasing bene…ts from childbearing through the reform may have resulted in delayed marriage and thus the postponement of childbearing (having children before marriage is stigmatized in rural areas and thus a rather rare occurrence).
Robustness checks 4.5.1 Spillovers
Our empirical approach rests on the assumption that there is no contamination of the non-reform districts through the reform districts, e.g., there should be no change in aggregate fertility behavior at the district level of unexposed districts because of in ‡uences from exposed districts. This may happen, for instance, through peer e¤ects in reproductive decisions. Imitative behavior may in ‡uence the desired family size in such a way that it becomes a function of the average family sizes in relatives'or friends'families (Dasgupta, 1993) . If family ties reach across district borders from areas a¤ected by the reform into areas not a¤ected by the reform, this may lead to spillovers in fertility outcomes. If this is the case, non-reform districts sharing a border with reform districts should systematically di¤er in their change in fertility outcomes from non-reform districts which do not share a border with reform districts. If there were spillovers, our impact estimates would be downward biased. We test for this with a placebo di¤erence-in-di¤erence speci…cation in which we set a pseudo-dummy equal to one if a non-reform districts shares a border with a reform district and zero if a nonreform district does not share a border with a reform district. Table 13 has the results.
[Insert Table 13 about here]
We …nd no statistically signi…cant change for either the full, the rural, or the urban sub-samples. We conclude that there are no systematic di¤erences in the TFR between non-reform districts that share a border with a reform district and those without a shared border.
Using selection-on-observables to assess the bias from unobservables
Furthermore, we assume that there is no policy endogeneity, i.e., the selection of districts into the reform along unobservable district characteristics. While we use …xed e¤ects to average out time-constant unobserved heterogeneity at the district level and use the available data from the census to control for time varying factors at the district level, there may still be a bias in the estimates due to time varying unobservables at the district level correlated with the implementation of the reform and fertility rates. In this section, we assess the likelihood that the estimates are biased by time varying unobservables. We follow the idea that selection from observables can be used to assess the potential bias from unobservables (Altonji et al., 2005; Bellows and Miguel, 2008; Nunn, 2011), i.e., how much stronger does selection on unobservables need to be relative to the selection on observables, to explain away the estimated impact. We consider two regressions per outcome variable: one with a full set of control variables and the other with a restricted set of control variables. The assessment on the selection of unobservables follows from a comparison of the estimated betas across regressions for the same outcomes, but with di¤erent sets of control variables. We then calculate a ratio with the estimated f ull 3 from the model with a full set of controls, relative to the di¤erence between the estimated s for the restricted and the full model, ( , the lower (higher) the e¤ect of the selection-ofobservables on the estimates. Put di¤erently, a large (small) ratio implies a weak (strong) selection-on-unobservables. The ratio tells us how strong the selectionon-unobservables has to be to explain away the estimated reform impact.
We use two restricted sets of variables: one that consists of controls for the demographic composition of the district and another that includes the controls for the religious composition of the district. The full set of variables consists of the two restricted sets together. Irrespective of the control sets, all regressions include district …xed-e¤ects. The estimated ratios for the TFR in the full, rural and urban samples are reported in Table 14 .
[Insert Table 14 about here] Across all comparisons of control sets, the selection on unobservables would need to be at least eleven times greater than the selection on observables to explain away the e¤ect. These …ndings imply that the estimated impact of the implementation of the reform on fertility is unlikely to be driven by selection due to time varying unobservables.
Conclusions
We have studied the impact of a land reform on the fertility outcomes of households in rural Ethiopia using a natural experiment. Public policies and customs had created a situation where Ethiopian households could in ‡uence their usufruct rights to land via a demographic expansion of the family. In this paper we have evaluated the impact on fertility outcomes of the abolishment of these pronatal property rights. Matching aggregated census data with administrative data on the reform, we compared total fertility rates for districts implementing with the rates for those not implementing the reform, both before and after the reform.
We have estimated a substantial e¤ect of the land reform on fertility outcomes. For the full sample, we estimated a 0.99 reduction in the total fertility rate, i.e., a reduction of lifetime fertility by one child per woman, a result clearly driven by the rural rather than the urban sample: for the rural sample, the estimated reduction in lifetime fertility rate is about 1.2 children. Looking at age-speci…c fertility rates, which were used to construct the total fertility rate, we have found a clear reduction in fertility across virtually all age groups in the rural sample. The e¤ect is particularly pronounced for women in the most fertile age groups, 25-29 and 30-34. Doing robustness checks, we concluded that our impact estimates are neither biased by spillovers nor by policy endogeneity. Note: Di¤erence-in-di¤erences representation of age-speci…c fertility rates by reform and non-reform districts. Notes: Least squares regressions with conventional standard errors in parentheses. LHS variable is reform, a binary indicator equal to one if the land reform was implemented in a district and zero otherwise. Signi…cance level at 90(*), 95(**), 99(***) percent con…dence. Notes: Columns (1) and (2) contain means for the total fertility rate by reform and non-reform districts and years. Column (3) shows the di¤erence in means over time for reform and non-reform districts. Column (4) shows the di¤erence in these di¤erences. Standard deviations are given in parentheses. The percentage change is calculated by dividing the di¤erence-in-di¤erences by the sum of the 1994 reform mean and the 1994 to 2007 di¤erence in means in non-reform districts (Milligan, 2005) . Table 4 : Impact of reform on total fertility (full, rural, urban) Notes: Within estimation with district-speci…c e¤ects. Huber/White standard errors are given in parentheses. Outcome variable is total fertility rate, i.e., the expected number of children born by a woman over her lifetime. Signi…cance level at 90(*), 95(**), 99(***) percent con…dence. Table 5 : Impact of reform intensity on total fertility rate (full, rural, urban) Notes: Within estimation with district-speci…c e¤ects. Huber/White standard errors are given in parentheses. Outcome variable is total fertility rate, i.e., the expected number of children born by a woman over her lifetime. Signi…cance level at 90(*), 95(**), 99(***) percent con…dence. Table 6 : Impact of reform on age-speci…c fertility rate (full sample)
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Age-speci…c Age-speci…c Age-speci…c Age-speci…c Age-speci…c Age-speci…c Age-speci…c Age-speci…c fertility rate fertility rate fertility rate fertility rate fertility rate fertility rate fertility rate fertility rate (10 to 14) Notes: Within estimation with district-speci…c e¤ects. Huber/White standard errors are given in parentheses. Outcome variable is the age-speci…c fertility rate, i.e., the annual number of births per 1000 women in a speci…c age group. Signi…cance level at 90(*), 95(**), 99(***) percent con…dence. Table 7 : Impact of reform on age-speci…c fertility rate (rural sample)
Age-speci…c Age-speci…c Age-speci…c Age-speci…c Age-speci…c Age-speci…c Age-speci…c Age-speci…c fertility rate fertility rate fertility rate fertility rate fertility rate fertility rate fertility rate fertility rate (10 to 14) Notes: Within estimation with district-speci…c e¤ects. Huber/White standard errors are given in parentheses. Outcome variable is the age-speci…c fertility rate, i.e., the annual number of births per 1000 women in a speci…c age group. Signi…cance level at 90(*), 95(**), 99(***) percent con…dence. 
SelfSelfSelfSelfSelfSelf- Notes: Within estimation with district-speci…c e¤ects. Huber/White standard errors are given in parentheses. Outcome variable is the proportion of women never married, for women in their childbearing years and by age group. Signi…cance level at 90(*), 95(**), 99(***) percent con…dence. Notes: Within estimation with district-speci…c e¤ects. Huber/White standard errors are given in parentheses. Outcome variable is total fertility rate, i.e., the expected number of children born by a woman over her lifetime. Signi…cance level at 90(*), 95(**), 99(***) percent con…dence. One includes the restricted set of controls, the other the unrestricted set of controls. All combinations of control sets are estimated for full, rural and urban.
